Objectives: A web-based survey has been administered annually since 2005 throughout Korea to assess the prevalence of adolescent health risk behaviors among middle and high school students. The aim of this study was to evaluate the test-retest reliability of the Korea Youth Risk Behavior Web-based Survey (KYRBWS) questionnaire. Methods: A convenience sample of 2298 middle and high school students participated in self-administered questionnaire surveys twice, approximately two weeks apart, in 2008. The percent agreement, kappa statistics, and prevalence rates at the first and second surveys were computed for the core subset of 39 self-reported health risk behavior indices of the KYRBWS. Results: Among 39 indices, seven indices had kappas 0.81 and all of the indices had kappas 0.41. Based on nonoverlapping 95% confidence intervals, three indices had significantly different prevalence rates between the first and second surveys. In the subgroup analyses by school grade and gender, two indices had significantly different reliability estimates between middle and high school students. There were no significantly different reliability estimates between male and female students, except for one index. Conclusions: This study demonstrated that the reliability estimates for the KYRBWS questionnaire are varied, but generally reliable over time. The indices with low reliability estimates need to be evaluated further in order to determine whether the indices should be modified or deleted from future versions of the KYRBWS.
In the Republic of Korea in 2007, cancer and cardiovascular disease were the leading causes of death [1] . Health risk behaviors, such as tobacco use and physical inactivity, are known to be major contributors to the development and progress of these chronic diseases [2] . Because personal lifestyle in youth is highly correlated with that in later life, establishing a healthy lifestyle in youth is essential for reducing the social and economic burden of chronic diseases [3] .
The Korea Youth Risk Behavior Web-base Survey (KYRBWS) has been administered annually since 2005 to assess the nationwide prevalence of adolescent health risk behaviors among middle and high school students [4] [5] [6] . In the 2007 KYRBWS questionnaire, the categories of the survey included the following: 1) tobacco use; 2) alcohol use; 3) obesity and weight control; 4) physical activity; 5) dietary behaviors; 6) unintentional injury behaviors; 7) substance use; 8) sexual behaviors; 9) mental health-related behaviors; 10) oral health-related behaviors; 11) hand hygiene; 12) allergic diseases; and 13) health equity [6] . With its strength of the web-based surveillance system, the KYRBWS has yielded adolescent self-reports across diverse health risk behavior categories.
National surveillance systems for monitoring adolescent health risk behaviors have been implemented in many countries, particularly in Europe and North America. Specially, the Health Behavior in School-aged Children (HBSC) Study is a World Health Organization collaborative cross-national study which includes 43 participating countries in Europe and North America [7] . The Youth Risk Behavior Surveillance System (YRBSS) in the United States includes a national school-based survey conducted by the Centers for Disease Control and Prevention (CDC), and state and local school-based surveys conducted by state and local education and health agencies [8] .
As the findings from these surveys are used to implement school health policies and practices at national, regional, and international levels, it is essential to ensure the accuracy of adolescent self-reports across diverse health risk behavior categories. For this purpose, several studies have been conducted to assess the testretest reliability of these survey questionnaires [9] [10] [11] [12] [13] . However, it has not been evaluated whether or not a wide range of self-reported health risk behaviors among Korean adolescents are reliable over time. Thus, the current study presents the first evaluation of the testretest reliability of the KYRBWS questionnaire.
I. Subjects
A convenience sample of students was selected from five middle schools and 14 high schools in four geographically-defined areas, which included both rural (Gyeonggi-do and Gyeongsangbuk-do) and urban (Daegu Metropolitan City and Seoul Metropolitan Government) areas. In each selected school, one (boys' or girls' schools) or two (co-educational schools) classes at each grade level were selected in a convenient basis.
Parental informed consent forms were distributed one week in advance of the administration of the first survey. Only parents who did not want their children to participate in the study were required to sign and return the form (negative consent). A total of 2453 students in the selected classes were eligible to participate. After excluding students who declined participation, 2356 students (96.0%) completed the first survey. Among the 2356 students, 2298 students (97.5%) completed the second survey.
II. Data Collection
Data collection began in May 2008 and ended in June 2008. Well-trained data collectors explained the objective of the survey and the entire survey process to the students before the administration of the first survey. The survey, which took 45 to 50 minutes, was administered twice, approximately two weeks apart, in a computer room of each selected school. The students were required to visit the KYRBWS website and logged in with a unique number, which was assigned to each student to assure anonymity. After logging in, the students completed the self-administered questionnaire (Time 1). After the administration of the first survey, each student was required to put his or her unique number card into an envelope. The envelope was sealed by the student, and the student wrote their number across the seal. The sealed envelope was held by the data collectors and redistributed to the students during the administration of the second survey. The students were required to open their envelopes and log in with the same unique number during the administration of the second survey (Time 2). The students' responses at Time 1 and Time 2 were automatically stored in the database of the KYRBWS and matched by the unique number.
The 2007 KYRBWS questionnaire, which was used in the first and second surveys, consisted of 129 questions [6] . Some questions in the questionnaire were automatically skipped according to the students' responses during the administration of the web-based survey. The Korea CDC developed 113 indices to assess adolescent health risk behaviors from the students' responses to the 129 questions of the questionnaire [6] . The core subset of these indices was used for assessment of the test-retest reliability of the KYRBWS questionnaire. The selected indices were computed from the questions which had the following reference periods: past 30 days, past 12 months, lifetime, and other (next six months or not specified). The questions which involved the reference periods of yesterday or the past seven days were excluded in the current study. A total of 39 indices were evaluated in this study, which included some comparable indices to other nations' survey data [9] [10] [11] .
III. Statistical Analyses
A total of 2298 students who completed both the first and second surveys were used for the assessment of test-retest reliability. The percent agreement and kappa statistics were calculated for the selected 39 indices of the KYRBWS. The prevalence rates based on the first Ever had sexual intercourse Age at the time of first sexual intercourse < 13 years (among respondents who ever had sexual intercourse) Ever had sexually transmitted diseases (among respondents who ever had sexual intercourse) Ever been pregnant (among female students who ever had sexual intercourse) Ever experienced artificial abortion (among female students who ever been pregnant) Oral health-related behaviors Went to the dentist during the past 12 months Applied dental sealants to prevent dental caries during the past 12 months (among respondents who went to the dentist) Applied topical fluorides to prevent dental caries during the past 12 months (among respondents who went to the dentist) Received dental scaling during the past 12 months (among respondents who went to the dentist) Hand hygiene Always or usually washed hands before eating during the past 30 days Always or usually washed hands after using toilet during the past 30 days Always or usually used soap when washing hands during the past 30 days Allergic diseases Ever been diagnosed with asthma by a physician Ever been diagnosed with allergic rhinitis by a physician Ever been diagnosed with atopic dermatitis by a physician and second surveys were also calculated for these indices. The qualitative values of the kappa statistics were determined based on the criteria described by Landis and Koch as follows: 0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81-1.00, almost perfect [14] . Statistically significant differences between the estimates were assessed based on non-overlapping 95% confidence intervals. Statistical analyses were conducted using SAS version 9.1(SAS Inc., Cary, NC, USA). This study was approved by the Institutional Review Board of Daegu Catholic University Medical Center.
Among 2298 respondents, 49.8% were male students and 50.2% were female students. Middle school students comprised 35.2% and high school students comprised 64.9%. Compared to the national distribution by gender and school grade, the sample distribution had a higher proportion of female students and high school students. Regarding the distribution by area, students in Gyeongsangbuk-do and Daegu Metropolitan City were over-represented in the sample (Table 1 ) [15] .
The reliability estimates for the selected 39 indices of the KYRBWS questionnaire are shown in Table 2 . Among these indices, seven indices (17.9%) had kappas between 0.81 and 1.00 ("almost perfect" reliability). Twenty-one indices (53.8%) had kappas between 0.61 and 0.80 ("substantial" reliability). Eleven indices (28.2%) had kappas between 0.41 and 0.60 ("moderate" reliability). None of the indices had kappas between 0.40 and 0.00 or less ("fair," "slight," or "poor" reliability). The percent agreement ranged between 77.6% and 100.0% for all indices. Three indices (7.7%) had significantly different prevalence rates between the first and second surveys. Table 3 shows the distribution of kappa statistics by health risk behavior categories and the reference periods of indices. Among eight indices in the category of tobacco use behaviors, four indices (50.0%) had kappas 0.81. Among three indices in the category of hand hygiene, two indices (66.7%) had kappas 0.60. Among 16 indices which used lifetime as a reference period, four indices (25.0%) had kappas 0.81, whereas two indices (12.5%) had kappas 0.60.
The assessment of reliability by gender revealed that there were no significantly different reliability estimates between male and female students, with the exception of one index. However, female students had somewhat higher reliability estimates than male students in general. Except for two indices computed among girls alone, four indices (10.8%) had kappas 0.81 among male students and eight indices (21.6%) had kappas 0.81 among female students (Table 4) .
In the subgroup analyses by school grade, two indices had significantly different reliability estimates between middle and high school students. The results indicated that the responses of high school students were more consistent than those of middle school students in general. Except for three indices with non-estimated kappas, three indices (8.3%) had kappas 0.81 among middle school students and six indices (16.7%) had kappas 0.81 among high school students (Table 5 ).
This study demonstrated that self-reported health risk behaviors among Korean middle and high school students were reliable over time. In our study, several indices had relatively low kappa values (e.g. drug use behaviors), but values of the percent agreement were high, ranging from 77.6% to 100.0% for all indices (> 98.0% for indices involving drug use behaviors). With respect to indices with very low or very high prevalence rates, low values of kappa could be obtained. On the other hand, when the prevalence rates are significantly different between Time 1 and Time 2, high values of kappa could be obtained. Because of these characteristics of kappa, the estimates should be interpreted with caution in conjunction with other measures of reliability, such as percent agreement [16] [17] [18] .
One of the important findings in this study was that the reliability estimates among middle school students tended to be lower than those among high school students. The differences in prevalence rates of health Ever had sexual intercourse Age at the time of first sexual intercourse < 13 years (among respondents who ever had sexual intercourse) Ever had sexually transmitted diseases (among respondents who ever had sexual intercourse) Ever been pregnant (among female students who ever had sexual intercourse) Ever experienced artificial abortion (among female students who ever been pregnant) Oral health-related behaviors Went to the dentist during the past 12 months Applied dental sealants to prevent dental caries during the past 12 months (among respondents who went to the dentist) Applied topical fluorides to prevent dental caries during the past 12 months (among respondents who went to the dentist) Received dental scaling during the past 12 months (among respondents who went to the dentist) Hand hygiene Always or usually washed hands before eating during the past 30 days Always or usually washed hands after using toilet during the past 30 days Always or usually used soap when washing hands during the past 30 days Allergic diseases Ever been diagnosed with asthma by a physician Ever been diagnosed with allergic rhinitis by a physician Ever been diagnosed with atopic dermatitis by a physician risk behaviors between middle and high school students may have affected the reliability estimates. Nevertheless, the reduced reliability among middle school students may be attributable to a lower ability to comprehend the words and sentences in the questionnaire than that among high school students. The KYRBWS questionnaire was intended for use among both middle and high school students. Therefore, this study suggests that indices requiring a high level of comprehension skills should be modified in order to reduce measurement Age at which cigarette smoking was first tried even one or two puffs < 13 years (among ever smokers) Smoked 20 days during the past 30 days (among ever smokers) Smoked cigarettes daily during the past 30 days (among ever smokers) Smoked 1 day during the past 30 days (among ever smokers, current smokers) Smoked 10 cigarettes per day on the days smoked during the past 30 days (among current smokers) Had an intention to quit cigarette smoking within the next 6 months (among current smokers) Bought cigarettes in a store during the past 30 days (among current smokers) Alcohol and other drug use behaviors Ever used alcohol (ever drinkers) Age at which alcohol was first consumed < 13 years (among ever drinkers) Drank at least one drink of alcohol during the past 30 days (among ever drinkers, current drinkers) Had episodic heavy drinking during the past 30 days (among current drinkers) Bought alcohol in a store during the past 30 days (among current drinkers) Ever used inhalants Ever used stimulants Ever used hypnotics Unintentional and intentional injury behaviors Always or usually wears a seatbelt when riding in a car (among ever riders) Always or usually wears a helmet when riding a motorcycle (among ever riders) Always or usually wears a helmet when riding a bicycle (among ever riders) Seriously considered attempting suicide during the past 12 months Had 1 suicide attempt during the past 12 months (among respondents who seriously considered attempting suicide) Weight control behaviors Perceive self as overweight or obese Tried to lose weight during the past 12 months Ever taken diet pills to lose weight or keep from gaining weight Sexual behaviors Ever had sexual intercourse Age at the time of first sexual intercourse < 13 years (among respondents who ever had sexual intercourse) Ever had sexually transmitted diseases (among respondents who ever had sexual intercourse) Ever been pregnant (among female students who ever had sexual intercourse) Ever experienced artificial abortion (among female students who ever been pregnant) Oral health-related behaviors Went to the dentist during the past 12 months Applied dental sealants to prevent dental caries during the past 12 months (among respondents who went to the dentist) Applied topical fluorides to prevent dental caries during the past 12 months (among respondents who went to the dentist) Received dental scaling during the past 12 months (among respondents who went to the dentist) Hand hygiene Always or usually washed hands before eating during the past 30 days Always or usually washed hands after using toilet during the past 30days Always or usually used soap when washing hands during the past 30 days Allergic diseases Ever been diagnosed with asthma by a physician Ever been diagnosed with allergic rhinitis by a physician Ever been diagnosed with atopic dermatitis by a physician errors and improve the accuracy of the survey data. The test-retest reliability estimates of the KYRBWS questionnaire are, in part, comparable with those of the United States YRBSS questionnaire. First, the reliability estimates tended to be different across health risk behavior categories [10, 11] . As shown in our study, the health risk behaviors which are more salient to adolescents, such as tobacco use behaviors, might have had higher reliability estimates. On the other hand, the health risk behaviors which are more time-and situation-dependent, such as behaviors related to hand hygiene, might have had lower reliability estimates. Second, the indices which used lifetime as a reference period tended to have higher reliability estimates than the indices which used any other reference periods among both Korean and American adolescents. This is not surprising, given that remembering events during the specific time intervals requires more complex cognitive demands than remembering events experienced over a lifetime. Third, the assessment of reliability by gender revealed that female students tended to have higher reliability estimates than male students in both the Republic of Korea and the United States. Although the underlying causes are not clear, the gender difference in the test-retest reliability might have been partly explained by the differences in prevalence rates of health risk behaviors or in the perception of certain behavioral events between male and female students [9] [10] [11] .
In the assessment of test-retest reliability, inconsistent responses between Time 1 and Time 2 may be interpreted as response errors. However, these inconsistencies may reflect the possibility of real changes in health risk behaviors between Time 1 and Time 2. By labeling any change between Time 1 and Time 2 as a response error, our results provided conservative estimates of the test-retest reliability.
In order to ensure the accuracy of the survey data, not only the reliability, but also the validity of the data should be taken into account. In addition, factors affecting the reliability and validity of self-reported health risk behaviors need to be considered for the accurate interpretation and application of the survey data. Factors which may affect the reliability and validity of the survey data include the context of questions and the type of response required from the cognitive perspective [19] .
The mode of survey administration may influence the reliability and validity of self-reported health risk behaviors as well. According to the mode of survey administration, the level of confidentiality and anonymity may be differently perceived among respondents. The perceived lack of confidentiality and anonymity may cause response errors, especially in questions on socially undesirable health risk behaviors. In several methodological studies, data from a selfadministered questionnaire (SAQ) had higher reported rates of certain health risk behaviors, such as tobacco, alcohol, and other drug use, than those from an interviewer-administered questionnaire [20] . Similarly, data from computer-assisted self-interviewing had higher reported rates of certain health risk behaviors, such as sexual behaviors and violence-related behaviors, than those from paper-and-pencil SAQs [21] . Surveys administered in schools also tended to produce higher reported rates of health risk behaviors than those in households [22] . From this point of view, as a schoolbased survey administered via computer-assisted selfinterviewing, the KYRBWS may be a source of accurate data on health risk behaviors among Korean adolescents. However, each mode of survey administration has advantages and disadvantages. For instance, SAQ may lead to a misunderstanding of questions, whereas interviewer-administered surveys allow for the clarification of any ambiguities.
One of the limitations of this study was that not all but the core subset of health risk behavior indices in the KYRBWS questionnaire was evaluated. With regard to indices in the category of physical activity and dietary behaviors, all indices were excluded from the analyses because the indices had the reference periods of yesterday or the past seven days. Moreover, the assessment of the test-retest reliability of the KYRBWS questionnaire was based on a convenience sample, not a nationally representative sample.
Data from national surveys aimed at monitoring adolescent health risk behaviors are used to implement school health policies and practices at regional, national, and international levels. School health policy-makers and practitioners who use these data should give attention to the reliability and validity of self-reported health risk behaviors for the accurate interpretation and application of the data. The findings from our study could be used to identify the indices with low reliability estimates of the KYRBWS questionnaire. Our study demonstrated that the reliability estimates for the KYRBWS questionnaire are varied, but generally reliable over time. The indices with low reliability estimates need to be evaluated further in order to determine whether the indices should be modified or deleted from future versions of the KYRBWS.
